ABSTRACT Background: Added sugar consumption seems to trigger a hyperinflammatory state and may result in visceral adiposity, dyslipidemia, and insulin resistance. These conditions are risk factors for periodontal disease. However, the role of sugar intake in the cause of periodontal disease has not been adequately studied. Objective: We evaluated the association between the frequency of added sugar consumption and periodontal disease in young adults by using NHANES III data. Design: Data from 2437 young adults (aged 18-25 y) who participated in NHANES III (1988)(1989)(1990)(1991)(1992)(1993)(1994) were analyzed. We estimated the frequency of added sugar consumption by using food-frequency questionnaire responses. We considered periodontal disease to be present in teeth with bleeding on probing and a probing depth $3 mm at one or more sites. We evaluated this outcome as a discrete variable in Poisson regression models and as a categorical variable in multinomial logistic regression models adjusted for sex, age, race-ethnicity, education, poverty-income ratio, tobacco exposure, previous diagnosis of diabetes, and body mass index.
INTRODUCTION
Consistent associations have been shown between periodontal disease (PD) 4 and some noncommunicable diseases (NCDs) such as cardiovascular disease (CVD) (1) and type 2 diabetes (2, 3) . Longitudinal studies have suggested that PD is a predictor of type 2 diabetes (4) and CVD (5) , but the mechanisms underlying these associations require additional elucidation.
PD is associated with increased chronic inflammatory markers, which may contribute to the systemic inflammation present in type 2 diabetes and CVD (5, 6) . However, no long-term evidence has suggested that the treatment of PD can prevent or modify the courses of these NCDs (7, 8) ; thus, the reversibility criteria of a causal relation have not been supported. Because of this lack of causality, a common factor may underlie associations between PD and NCDs; a high-sugar diet has been proposed as such a factor (9, 10) .
Sugar ingestion may lead to increased inflammation and oxidative stress (11) that trigger a hyperinflammatory state evidenced in PD (12) , type 2 diabetes (13) , and CVD (14) . Adverse metabolic effects of sugar consumption include increased visceral adipose deposition and de novo lipogenesis, dyslipidemia, and insulin resistance (15) , which are risk factors for all 3 of these diseases (14, 16, 17) . However, the role of sugar intake in the cause of PD has not been investigated thoroughly. A few studies have been conducted with the primary objective of examining the association between sugar consumption and PD and showed that greater sugar consumption seems to result in increases in some PD variables such as the probing depth (18) , bleeding on probing (BOP) (19) , and attachment level (20) . However, these studies have been limited by the failure to control for confounders (18) , small samples (19) , and the inclusion of foods with a natural sugar content, which has precluded the separate analysis of added sugars (20) .
The establishment of whether sugar intake is a risk indicator of PD may contribute to an understanding of the mechanisms that link this oral pathology to NCDs, in which inflammation plays an important role. Thus, this study was conducted to analyze the association between the frequent consumption of foods and beverages with added sugars and PD in a representative sample of young adults (aged 18-25 y) in the United States drawn from the NHANES III noninstitutionalized civilian population.
SUBJECTS AND METHODS

Design and setting
The NHANES III was carried out between 1988 and 1994 as part of a series of cross-sectional studies conducted by the US National Center for Health Statistics. The study used a complex sampling design to select a representative sample from the noninstitutionalized civilian US population that could be used to make national projections and estimates of the population's health and dietary indicators (21) .
Subjects
A subpopulation of young adults (18-25 y old) was selected from the NHANES III database. Data from these subjects were used to verify the existence of the association examined in this study in an initial phase of PD. We used sociodemographic data, food-frequency questionnaire responses, BMI, and periodontal examination findings. The sample used for the analysis consisted of participants for whom data on covariates and complete periodontal examination findings were available (n = 2437).
NHANES III data collection
NHANES III researchers first conducted home interviews and administered a screening questionnaire that included questions about sociodemographic and economic characteristics of participating families. The researchers administered the Household Adult Questionnaire (which contained questions about health conditions) and a food-frequency questionnaire to all eligible participants. Next, participants were invited to undergo health examinations, including a dental examination, anthropometric evaluation, and blood sample collection for laboratory testing, at a mobile examination center (21) .
For the periodontal examination, NHANES III researchers randomly selected one upper quadrant and one lower quadrant in each person's mouth. The researchers recorded the presence of BOP and probing depth at the mesiobuccal and midbuccal sites of all teeth (excluding third molars, partially erupted teeth, and residual roots) in each selected quadrant (22) . The protocols for dental and anthropometric examinations and laboratory testing have been described in detail elsewhere (21) .
Study variables
Sociodemographic variables entered in analyses in the current study included age (as a continuous variable), race-ethnicity (as a dummy variable with the following 4 categories: non-Hispanic white, non-Hispanic black, Mexican American, and other), and educational level (,12, 12, or .12 y). The poverty-income ratio (PIR), which is a unitless measure, was calculated as the ratio of annual household income to the federal poverty level; the latter was a threshold value based on the estimated annual income required to purchase adequate food for a US household of a given size and taking into account the calendar year in which the interview was conducted and age of the household head. The PIR was categorized as low (,1.3), average (1.3-3.5), or high (.3.5) (23), with low values indicating low socioeconomic status.
We used the serum concentration of cotinine to determine individuals' exposures to tobacco, with a cutoff value of 15 ng/mL defining positive exposure (24) . We also included data on previous diagnoses of diabetes obtained during household interviews in analyses. BMI (in kg/m 2 ) data were used to classify participants as normal weight (,25), overweight (25-29.99), or obese ($30) (25) .
The main explanatory variable was the monthly frequency of added sugar intake on the basis of food-frequency questionnaire responses. Data on the monthly consumption of the following foods, which were the main sources of added sugars in US diets in the 1990s (26), were extracted: cakes, cookies, and brownies; ice cream, ice milk, and milkshakes; chocolate candy and fudge; Hi-C (Coca-Cola Foods), Tang (Kraft General Foods Inc), and Kool-Aid (Kraft General Foods Inc); and regular colas and sodas. With the use of this information, we calculated the total number of times that each participant consumed foods with added sugars in a 1-mo period. We divided this variable into tertiles of monthly consumption.
Because postprandial hyperglycemic peaks in response to refined carbohydrate consumption may trigger a prolonged proinflammatory state (27) , we also tested whether PD was associated with other carbohydrate sources represented by the sum consumption frequency of refined starchy foods, including rice, white bread, breakfast cereal, and potatoes. This variable was divided into tertiles of monthly consumption.
The dependent variable was the number of teeth affected by PD, which was defined as a probing depth $3 mm and BOP at one or more sites. This variable was calculated for each participant. Although no consensus has been established, we chose this indicator for PD because of the high correlation between the probing depth and loss of clinical attachment in young populations, and these clinical variables have been shown to be effective in estimating the degree of systemic inflammation (28).
Statistical analysis
We evaluated possible associations between the monthly frequency of added sugar consumption and PD by using a series of Poisson regression models, which allowed for the modeling of the dependent variable structured as count data (number of teeth with PD). Estimated coefficients were expressed as prevalence ratios (PRs).
To test for consistency, a multinomial logistic regression model was also fitted to verify whether added sugar consumption was associated with the extent of PD. In this analysis, the outcome measure (PD) was categorized by using 3 groups as follows: 0 (no disease), 1 (a single tooth with PD), and 2 ($2 teeth with PD).
We calculated PRs by using a significance level of 0.05 and with STATA software (version 10.0; Stata Corp) with adjustment for a complex sampling design (svy command). Following the recommendations of the NHANES III guidelines (29), we used a primary sampling unit, strata, and sampling weight variables. Because we performed a combined analysis of measurements from the mobile examination center and associated medical history questions from household interviews, the combined examination weight variable (WTPFEX6) was used.
RESULTS
The PD prevalence rate (at least one affected tooth) in the total sample was 18.8%. PD was more prevalent in men (24.4%) than in women (13.2%), in Mexican Americans (31.4%) and nonHispanic Blacks (29.3%) than in those of other ethnicities, in subjects with lower (compared with higher) PIRs (22.1%) and educational levels (30.4%), and in subjects with higher (compared with lower) BMI (31.9%) and subjects with (compared with without) diabetes (46.2%; Table 1 ).
In crude analyses, PD was more prevalent in subjects assigned to second and third tertiles of sugar intake than in those in the first tertile (second tertile: PR, 1.52; 95% CI, 1.15, 2.01; third tertile: PR, 1.54; 95% CI, 1.10, 2.14). PD was not associated with the serum cotinine concentration or high intake of refined starchy foods, but significant associations with all other covariates were observed ( Table 2 ).
In the Poisson regression analysis, the magnitude of the association between tertiles of added sugar intake and PD was reduced but remained significant (second tertile: PR, 1.39; 95% CI, 1.02, 1.89; third tertile: PR, 1.42; 95% CI, 1.08, 1.85). After adjustment for other covariates, PD was not associated with PIR, age, diabetes, the serum cotinine concentration, or refined starchy foods. Significant associations were observed with the educational level, sex, race-ethnicity, and BMI ( Table 2) .
The multinomial logistic model showed that the upper tertile of added sugar intake was associated with $2 teeth with PD (PR: 1.73; 95% CI: 1.19, 2.52) but not with PD in a single tooth (PR: 0.85; 95% CI: 0.54, 1.34; Table 3 ).
DISCUSSION
In this study, the monthly frequency of added sugar intake was associated with PD extension (presence in a greater number of teeth) in young adults as indicated by a Poisson regression analysis. To our knowledge, no previous population-based study has explored the association between added sugar intake and PD. This association persisted in a model adjusted for factors classically associated with PD (sex, age, race-ethnicity, education, PIR, serum cotinine concentration, previous diagnosis of diabetes, and BMI) (30) . To test for consistency, we also examined this association in a multinomial logistic regression model in which the categorization of PD allowed us to distinguish disease-free individuals, those in whom PD may have been the result of local factors (single affected tooth), and those in whom systemic inflammatory factors may have contributed to PD ($2 affected teeth). Our 1 All values are prevalence ratios; 95% CIs in parentheses. The model was adjusted for sex, age, education of reference person, poverty-income ratio, race-ethnicity, self-reported diabetes, BMI, and serum cotinine concentration. PD, periodontal disease.
2 Reference category of PD was no periodontal disease.
finding that the upper tertile of added sugar intake was associated with PD in $2 teeth but not a single tooth suggested that PD is linked to systemic inflammation as has been pointed out in various studies (3, 12, 28) . The lack of an association between a high frequency of added sugar intake and a single tooth with PD suggested that local factors were not implicated in the development of this disease. Previous reports have consistently documented associations between PD and NCDs (1-3). We also showed that PD was associated with high BMI and self-reported diabetes, but the latter association did not remain significant in adjusted models. This result may have been attributable to the young age of our population, of whom only 28 subjects had been diagnosed with diabetes. Another possible explanation is that the association between PD and diabetes may reflect a common underlying factor, in this case, a high consumption of added sugars.
The association between frequent added sugar intake and PD may be explained by the contribution of the glucose content of added sugars to postprandial hyperglycemia, which results in a proinflammatory cascade that may persist for up to 16 h after the hyperglycemic peak (31) . These constant postprandial peaks can exert oxidative stress and modulate a hyperinflammatory state, which has been associated with PD (12) and NCDs (13, 27) .
Other nutrients potentially involved in these hyperglycemic postprandial peaks are refined starchy foods including bread, rice, and potatoes. To evaluate such associations, we included data on the consumption of these foods in a model with simultaneous adjustment for added sugar intake. High added sugar intake, but not high refined starchy food intake, was associated with PD in this model and suggested that the frequency of added sugar intake is involved in hyperglycemic postprandial peaks hypothesized to be involved in systemic inflammation, which may be linked to PD. Although our results showed no association between a high frequency of starchy food intake and PD, the involvement of these foods in the mechanism of postprandial hyperglycemic peaks should be taken into consideration. We examined only the intake frequency of refined starchy foods without accounting for the amount consumed on each occasion. Nevertheless, highglycemic index carbohydrates may be consumed in combination with other foods during main meals (27) , which would reduce the body's glucose response to them (14) .
Added sugar consumption may be involved in PD by promoting weight gain, which has been implicated in systemic inflammation (32, 33) . However, in our models, frequent added sugar intake remained associated with PD after adjustment for BMI. Although there was some suggestion from our data that this mechanism could be present (adjusted PRs were reduced by .10%), it does not seem to be the only relevant mechanism. High fructose consumption may also underlie the association between added sugars and PD because fructose is a main source of added sugars in US diets (34) . Fructose has also been implicated in the hyperinflammatory state (35) and adverse metabolic effects (15) , thereby increasing risk of NCDs (36) . Furthermore, the composition of high-fructose corn syrup (45% glucose and 55% fructose), which is a sweetener commonly used by the beverage industry, is similar to that of sucrose and may also trigger a glucoseinsulin response (11) .
Limitations of this study should be considered. Because of the cross-sectional nature of the data, we could not assume a relation of temporal precedence between added sugar consumption and PD. Moreover, the NHANES III protocol of a partial-mouth periodontal examination with probing of only 2 sites of 14 teeth per individual may have resulted in an underestimation of the prevalence of PD (37) and, thus, reduced the apparent effect of sugar intake on PD in our analysis. The identification of PD cases must also be viewed with caution because the definition of PD has not been standardized (37, 38) and prevalence levels vary according to the criteria used (37) . To overcome this problem, we used 2 indicators (probing depth $3 mm and BOP at one or more sites) to define the presence of PD in young adults because these clinical variables seem to more-robustly estimate the degree of systemic inflammation (28) .
The strength of this study was the demonstration of an association between the frequency of added sugar consumption and PD in young adults on the basis of NHANES III data, which are representative of the noninstitutionalized US population. This approach allowed us to analyze subgroups and include covariates with important effects on periodontal outcomes.
In conclusion, our results show that frequent consumption of added sugars is associated with PD in young Americans, independent of traditional risk factors. These findings suggest that this consumption pattern may contribute to systemic inflammation load, which could help to explain observed associations between PD and NCDs.
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